Evaporation can lead to errors in the measurement of parameters such as yield and maintenance coefficient, using continuous cultures at dilution rates below 0.05 h-?
T H E O R Y
In Fig. I , Fo is the inlet liquid flow rate, Fl the exit liquid flow rate and F, the evaporation rate of water into the air stream, all in units of litres of liquid per hour. The basic assumptions of a completely stirred tank reactor (C.S.T.R.) are assumed to hold for the models developed (i,e. the organism and substrate concentrations in the vessel are completely homogeneous and equal to their exit concentrations).
Monod's model. This is based on Monod's model (Monod, 1942 (Monod, , 1950 for the growth rate, p.
Organism balance :
Substrate balance :
Overall balance :
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At steady state, dx,/dt = dSe/dt = 0.
From equation ( I ) :
From equation ( Therefore, the expression for the parameter, 4, becomes
At low values of D, s and Endogenous model. The second model is based on Herbert's formulation of endogenous metabolism (Herbert, 1999 , in which the constant, k , accounts for the oxidation of cell substance to C 0 2 . This constant endogenous metabolism added to the anabolic metabolism of the culture gives the modified equation set for evaporation.
-@ SR, therefore q5 w Do/Dl = Do/(Do-D2).
As before, the steady-state equations are solved to give: -
, we obtain the cell concentration under non-evaporating conditions. Therefore and at low dilution rates, q5 w (Do+k)/(Do+k-D2).
Maintenance model. This was suggested by Pirt (I 965), who included a specific maintenance term (a) accounting for the consumption of the limiting substrate to provide energy to maintain integrity and viability, but no biomass.
This maintenance model, when modified for evaporation, gives the equation set. 
Evaporation losses in continuous cultures

E X P E R I M E N T A L
Realistic values of the parameters in these expressions for Q may be obtained from the literature, except for the effective evaporation rate (D,). Pirt (1957) has published a value for evaporation in vigorously agitated laboratory-scale continuous culture. This is included together with some experimental values for D, obtained by us ( Table I) .
The parameter, Q, was calculated from the simplified expression derived in the theory section and plotted against Do for a practical range of D,, as shown in Fig. 2 and 3 . The expression for Q is identical for the endogenous and maintenance models and therefore the effect of different values of 'k' and 'a', respectively, will be identical.
D I S C U S S I O N
The figures indicate that, for negligible endogenous metabolism, the accepted formulae connecting D, 2, and se need modification at low dilution rates and Herbert's model should The low value for evaporation in shake flasks (Table I ; D, = 0.0034 h-l) must be considered in the context of the period of time the shake flask is on the rotary incubator. At this rate of evaporation the error in the measurement of organism concentration rises linearly with time and would be approximately 4 % after five days.
We conclude therefore that errors in organism concentrations at low dilution rates can be significant especially for systems with low endogenous metabolism rates, when no special precautions are taken to reduce evaporation losses. When evaluating the endogenous meta- and not k/YpSR. Thus, if evaporation were not taken into account the value of 'k' (or ' a ' ) would be underestimated by an amount D, h-l. 
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